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Primer Note
Development of highly variable microsatellite markers for the tetraploiD Silene Stellata (caryophyllaceae) 1
• Premise of the study: We designed and tested microsatellite markers for the North American native species Silene stellata (Caryophyllaceae) to investigate its population genetic structure and identify selection on floral design through male reproductive success.
• Methods and Results: A total of 153 candidate microsatellite loci were isolated based on next-generation sequencing. We identified 18 polymorphic microsatellite loci in three populations of S. stellata, with di-or trinucleotide repeats. Genotyping results showed the number of alleles per locus ranged from six to 45 and expected heterozygosity ranged from 0.511 to 0.951. Five of these loci were successfully amplified in S. virginica and S. caroliniana and were also polymorphic.
• Conclusions: The microsatellite markers reported here provide a valuable tool for paternity analysis in S. stellata. They will also be useful for investigating the population genetic structures of S. stellata and related species.
Key words: Caryophyllaceae; microsatellites; plant-animal interaction; polyploidy; Silene stellata. New Zealand). A de novo assembly was performed on the first 1,000,000 sequences for which both reads of any pair were ≥200 bases.
A total of 99,506 consensus sequences between 200 and 400 bp were extracted and screened for potential microsatellite loci using MSATCOMMANDER 1.0.8 beta (Faircloth, 2008) with default settings. Primers were designed for sequences with perfect di-, tri-, and tetranucleotide repeats in Primer3 software (Rozen and Skaletsky, 1999) . We designed primers for 153 out of a total of 946 loci identified as containing microsatellites. One hundred fourteen primer pairs were first tested with seven randomly selected S. stellata samples for amplification success and polymorphism. For each primer pair, we modified the forward primer by attaching a CAG tag (5′-CAGTCGGGCGTCATCA-3′) preceding the 5′ end to enable the cost-efficient fluorescent labeling system of PCR products described by Boutin-Ganache et al. (2001) and Glenn (2001) . Ten microliter PCR reactions were performed using the QIAGEN Type-it Microsatellite PCR Kit. Each reaction contained the following components: ~10 ng of genomic DNA, 5 μL of the 2× Multiplex PCR Master Mix, 0.02 μM of the modified forward primer, 0.2 μM of reverse primer, and 0.2 μM of the fluorescently labeled CATG primer (5′-6FAM, 5′-HEX). A touchdown PCR protocol was used to test all primer pairs: 5 min of denaturing at 95°C; five cycles of 95°C for 30 s, 60°C for 1.5 min, and 72°C for 30 s; followed by 28 cycles of 95°C for 30 s, 55°C for 1.5 min, and 72°C for 30 s; and a final extension at 60°C for 30 min.
Of the 114 primer pairs tested, 50 produced bands consistently on an agarose gel. Amplicons of these primers were analyzed using an ABI Prism 3730 Genetic Analyzer (Applied Biosystems, Foster City, California, USA), then visualized and scored in Geneious 7.0.6 (Biomatters). Eighteen loci showed clear peak patterns and were polymorphic (Table 1) . These 18 polymorphic loci were further characterized using a total of 95 S. stellata individuals collected from three local populations near Mountain Lake Biological Station (Meadow, Woodland, and Windrock) within 8 km of one another. To investigate marker transferability, these 18 loci were also tested on six individuals from one population each of S. virginica from Newport, Virginia, and S. caroliniana from Potomac, Maryland (Appendix 1).
We report the following parameters for the three populations of S. stellata: sample size, number of alleles, number of private alleles, observed heterozygosity, and expected heterozygosity. The parameters were estimated using GenoDive version 2.0b27 (Meirmans and Van Tienderen, 2004 ) while correcting for unknown dosage of alleles for partial heterozygotes. Across the three populations, the number of alleles ranged from six to 45, and expected heterozygosity ranged from 0.511 to 0.951 (Table 2) .
Of the 18 loci tested in S. virginica and S. caroliniana, 10 loci were successfully amplified in both species. Genotyping results showed two loci were monomorphic in both species, one locus was polymorphic in S. virginica but monomorphic in S. caroliniana, five loci were polymorphic in both species, and two loci showed multiple bands (Table 3) . Vouchers for the Silene species were deposited at the Norton-Brown Herbarium (University of Maryland, College Park, Maryland, USA; Appendix 1).
CONCLUSIONS
We developed 18 novel microsatellite loci for S. stellata. These loci showed high variability in S. stellata and therefore are suitable for future paternity analysis. Five of these markers are polymorphic in the related S. virginica and S. caroliniana. These microsatellites will also be useful for studying the 
